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(54) Method and apparatus for ultraviolet curing 

(57) The present invention is an apparatus for curing 
an article (1) that is passing through the apparatus, 
wherein the article is being cured by ultraviolet radiation 
curing. The present invention most commonly applies 
to the field of fiber optics, and the manufacmjre of optical 
fibers and fiber optic cables or ribbons. The present in- 
vention comprises a hollow tubular UV light emitting de- 
vice (bulb) (5) and a U V transparent tube (2) where the 
bulb is disposed around the tube creating a space (7) 
between the tube and the bulb. The article to be cured 
passes through the center of the tube along with an inert 
gas, where the inert gas is either cooled or heated de- 
pending on the application of the aj^aratus. A UV trans- 
parent cooling medium is passed through the space be- 
tween the tube and the bulb to provide cooling for the 
apparatus, preventing heat damage from the bulb. 
Shielding coatings are employed on either the surface 
(2A, 2B) of the tube (2) or the inner surface of the bulb 
(5) to prevent harmful and unwanted radiation from the 
bulb from reaching the article to be cured. Further, a di- 
chroic reflector (8) is employed outside of the bulb to 
reflect U V radiation back into the bulb while allowing oth- 
er radiation OTitted by the bulb to escape, while the ex- 
terior of the bulb is being cooled by an additional cooling 
medium passing over the exterior of the bulb. The 
present invention greatly improves temperature control 
and operational efficiency of the UV curing process over 
prior art devices. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention ^nerally relates to the 
field of c^tk»l fibers, in particular the present invention 
is directed to a new and novel method and apparatus 
for curing optical fit^ with ultraviolet radiation. 

Discussion of Related Art 

[0002] Optical fibers are very small diameter glass 
strands which are capable of transmitting an optical sig- 
nal over great dfetances, at high speeds, and with rela- 
tively low signal loss as compared to standard wire or 
cable networks. The u^ of optical fibers in today's tech- 
nology has developed into many widespread areas, 
such as: medicine, aviation, communicattons, etc. Be- 
cause of this develo|:^ent. there a growing need to 
produce optical fibers of better quality at faster rates and 
lower costs. 

[0003] Many of the areas of use for optical fibers, such 
as communications, require the optical fibers be protect- 
ed from various d^tructive elements, such as adverse 
weather, moisture, impact damage, etc. This protec^on 
for the individual fibers comes from the fiber coatings. 
Today, most optical fibers have two coatings, which are 
often referred to as the primary and secondary coatings. 
The primary coating is applied onto the surface of the 
optical fiber, with the secondary coating being applied 
on top of the primary coating. The main function of the 
primary coating is to provide a soft "cushion" for the 
glass fiber, protecting it from shock damage. The main 
purpose of the secondary coating s to provide a semi- 
rigki protective shell to protect both tiie primary coating 
and the glass fiber from adverse environmental ele- 
ments, as well as physical damage. 
[0004] Often thesecoatings have ultraviolet (UV) pho- 
toinitiators in their composition. Photoinitiators function 
by absorbing energy which is radiated by a UV, or some- 
times a visible, light source. This energy absorption ttien 
initiates polymerization of the liquid coating placed on 
the fiber, and accelerates tfie hardening of the coating. 
This acceleration greatiy reduces the production time of 
optteal fibers, making productfon more profitable. The 
curing of the coatings take place in speciffc UV curing 
stages during the optical fiber manufacturing process. 
There are curing "chambers" at th^e stages whch fa- 
cilitate the curing of the coatings. 
[0005] Within most of tfi^ curing "chambers" there 
is at least one U V light source whteh emits UV radiation 
or light onto the optical fiber coating. It shouW also be 
noted that this curing step is also found when manufac- i 
turing fiber optfc cables or ribbons, when the cable or 
ribbon matrix or substrate is to be cured around a plu- 
rality of fibers. In eitiier application, ttie basfc function 



and operation of the UV curing chamber remains the 
same. 

[0006] As stated eariier, most prior art curing cham- 
bers have at least one UV light source or bulb to emit 
5 ttie UV radiation or Hght This conf^uration leads to a 
v^ serious pr<*l^ inherent in prfer art curing cham- 
bers. Optical fibers, ftoer ribbons and fiber cables re- 
quire curing around the complete circumference of their 
coatings or matrix materials. Because the coatings are 
10 applied concentrically around the fibers, n'bbons or ca- 
btes, the entire 360* around the center line of the fiber, 
ribbon or cable must be cured evenly. Without an everl 
cure of the coating there will be uneven cure gradients 
ttiroughout tiie coating, whch leads to inadequate pro- 
'5 tertion of the fibers. 

[0007] In an effort to avoid the problOT of uneven cure 
around a fiber, rtobon or cable, prior art curing devfces 
use minors or reflective surfaces inside the curing 
chamber to reftect the UV radiation from the bulb back 
^ at ttte surface or coating to be cured. Alttiough this par- 
tially addresses the problems associated with the prior 
art devices, it is a relatively inadequate solution. Prima- 
rily, the problems associated witii uneven cure gradients 
in ttie coating are not completely avoided. The mirrors 
^ or reflectors ttiat are used are not 1 00% efficient. This 
means that some of the UV radiatbn or light emitted 
from the bulb, which strikes the reflective surface of the 
min-or. Is either absort)ed into the surface, or refracted 
or reflected away from the coating or substrate to be 
30 cured. Therefore, some of ttie U V radiation from ttie light 
source is lost and/or not directed at the coating to be 
cured. Because of this the intensity of radiation is differ- 
ent around the coating or substrate. This difference In 
intensity translates to different cure states around the 
35 coating or substrate, and as ^ed eariier. ttiis is highly 
uncteirable. 

[0008] Anottier significant problem associated witti 
cun-ent UV curing chambers is ttie relatively high heat 
ttiat is generated from ttie UV lamps during operation. 
In most prior art curing chambers the UV light source 
used does not exclusively emit UV l^ht, but also emits 
ottier wavelengttis of light like those found in ttie infrared 
light spectrum. The infrared (IR) light emitted generates 
a significant amount of heat in the curing chamber dur- 
w ing operation. The generation of this heat leads to a 
number of probl^ns in the manufacture of optfcal fibers, 
ribbons and coatings. 

[0009] A major problOT is due to the fart ttiat ttie heat 
generated is added to ttie heat which already exits from 

^0 ttie optical fiber being drawn ttirough a fumace (used to 
drawa prefomfi into afiber). This added heat accelerates 
ttie curing of ttie coatings on ttie fibers, ribbons, and ca- 
bles, and can lead to the coatings being "over-cured" or 
improperty cured. "Over^^ure" is a situation where the 

5 coating or substrate becomes too hard and leads to mi- 
crobending in the optical fiber which adversely affects 
ttie quality of the signal sent through ttie fiber 
[0010] One of the most common solutions used in the 



2 



3 



EP1 216 968A1 



4 



prior art to address the problems associated with the 
high h^t generated, is through the use of cooling air in 
the UV curing channber. However using coo! air to try 
and control the high heat levels, that can be reached, is 
not without its problcnns. Rrst. if air is passed over the 
coating or substrate being cured the oxygen in the air 
inhtoits proper polynnerization and. therefore, proper 
curing of the coating or substrate. Second, even if the 
air is not In contact with the coating, but passed 
through a cooling tube" the air inhibits the transnnission 
of the U V riMiiation to the substrate. Air tends to absorb, 
reflect, and/or refract a percentage of the UV radiation 
emitted from the light source used in the chamber. This 
coupled with the loss of UV radiation in the reflective 
surfaces (miners) used greatly reduces the efficiency of 
the UV light source requiring more power In the UV light 
source (and thus nrtore heat) or slowing the curing proc- 
ess. Third, and perhaps nriost importantly, when UV ra- 
diation is passed through air hamnful ozone is created 
through a chemical reaction between the UV radiation 
and oxygen. The creation of ozone Is extremely disad- 
vantageous due to the costs and connplexity of the 
measures required to proXed the environment from this 
ozone. 

[00111 There have been efforts in the prior art to ad- 
dress some of the problems discussed at>ove, but they 
fall short. For example, the Gennan Patent DE 39 1 351 9 
C2 discloses a UV bulb which is tubular in shape. This 
allows the bulb to sun-ound the full 360** of the coating 
or substrate to be cured. This is to address the problems 
associated with using a single bulb with a number of re- 
flective surfaces, which can lead to uneven curing 
around the coating or substrate. This patent also dis- 
closes using a UV transparent cooling medium to cool 
the bulb In an effort to avoid the problems discussed 
above. However, the patent discloses using a reflector 
on the exterior of the bulb to reflect radiation that Is emit- 
ted out from the bulb back at the bulb and, therefore, the 
substrate or coating to be cured. This aspect of the pat- 
ent disclosure has some serious drawbacks. 
[0012] UV bulbs have a high tenrtperature plasma re- 
gion within the bulb that generates the UV radiation 
(anrwng other types of radiation, such as IR). Because 
of this plasma region inside the UV bulb, reflected UV 
radiation will not be able to pass through the bulb to the 
substrate or coating. In fact, UV as well as IR radiation 
reflected back at the bulb is "captured" in the bulb, thus 
increasing the temperature of the bulb unnecessarily. 
This increase in bulb temperature adversely affects the 
eff fciency of the cooling nrtedium and systenris used. This 
is because, as the operation of the bulb goes on, the 
bulb will be steadily increasing its own temperature as 
the UV and IR radiation is reflected back into the bulb 
and trapped there because of the plasma in the bulb. 
This increasing heat, and reduced eff ciency of the cool- 
ing s^^tem will lead to a decrease in the operational life 
of the bulb and cooling system without any increase in 
the efficiency in the curing of the coating or substrate, 



as the reflected UV radiation never reaches the sub- 
strate or coating, and is trapped between the bulb and 
the exterior rcfle<^e surface. 

5 SUMMARY OF THE INVEMTION 

[0013] The present Invention Is directed to eliminating 
the above problenns associated with prior art curing 
chambers through the use of a new and novel ultravfolet 

10 bulb, curing apparatus and curing method. 

[0014] The present Invention avoids the above prtb- 
lems with the prior art by ^ploying a nunnber of new 
and novel features, which will be discussed briefly here, 
and in more detail below. Rrst, the present invention em- 

« ploys a UV transparent tube, through whfch the coated 
optical fiber or substrate is passed. An inert gas 
passed through the center of thb tube so as to provide 
an inert environment free of oxygen, due to the adverse 
affect oxygen has on the polymerization proc^ of UV 

^ curable coatings and substrates. This UV transparent 
tube and flowing inert gas further acts as an exhaust 
vessel to blow out volatile gases and emissions gener- 
ated during the curing of the coating or substrate. This 
is to minimize the deposit of these volatiles on the sur- 

^ face of the U V transparent tube. The deposition of these 
volatites tends to "cloud" the tube, thus reducing the ef- 
ficiency of the curing process as the UV radiation is 
blocked and/or dissipated by the "clouding." The inert 
gas used In this process Is either heated or cooled to 

30 allow the temperature surrounding the coating to be 
controlled and changed to ensure optimum eff ciency of 
the curing process. 

[001 5] Second, the present invention further employs 
a hollow tubular U V bulb whfch is positioned concentri- 

35 cally around the UV transparent tube and coated fiber 
or substrate to be cured. The UV tube bulb will avoid the 
problOTs in the prior art of uneven curing by providing 
an evenly distributed UV radiation source connpletely 
around the substrate or coating to be cured. In the 
present invention, the UV tube bulb is large enough to 
provide a gap between the inner surf^ of the bulb and 
the exterior surface of the U V transparent tube. A cool- 
ing medium is passed through the gap created between 
the tube and the bulb to allow active cooling of the UV 

^ bulb. However, to avoid many of the problems with the 
prior art the cooling medium will be of a type transparent 
to UV radiation, thus allowing the radiatton to pass 
through the cooling medium, remaining unalfet^ed by 
the cooling medium. This will greatly increase the effi- 

50 ciency over prior art curing nr^ethocte. 

[0016] Further, the present Invention ennploys the use 
of an infrared filter coating placed on either the interior 
side of the UV tubular bulb or on the UV transparent 
tube, or both. This coating prevents IR radiation frwn 

55 reaching the substrate or coating to be cured, prevent- 
ing nrmny of the problems assodated with overheating 
the coaling or substrate to be cured. However, this as- 
pect of the invention may not be necessary in situatfons 
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where the restriction of heat emitted to the coaling or 
substrate is not nec^sary. This shteWing wili further in- 
crease the efficiency of the bulb by refle<^ng the IR ra- 
diation bade into the pla^a region of the bulb, thus in- 
creasing the ordvatlon efficiency of the plasma and. 
therefore, the bulb's efficiency. 
[00171 Instead of using a reflector on the outskte of 
the bulb to reflect aO of the fitted radiation back into 
the bulb, irwtuding IR and UV radiation, the present in- 
vention employs a dichroic reflector that Is trar^parent 
to most radiation wavelengths, including IR, but reflects 
the UV radiation back into the bulb. This will prevent the 
dramatte ina^eas^ in bub t^nperature found in the pri- 
or art. by allowing the IR radiation to escape the bulb 
while avoiding the environmental problems associated 
with the creation of harmful ozone, due to the reaction 
of UV radiation with the oxygen in the air sunrounding 
the exterior of the buft>. 

[0018] Rnally, the present invention further increases 
the temperature control over the UV bulb, and thus its 
efTidency, by provkiing an exterior cooling system for 
the bulb. A fluid or gas cooling medium is flowed or 
drawn past the exterior of the bulb to provide an addi- 
tional cooling effect. In an OTbodiment of this invention 
this cooling medium is the primary cooling means. By 
placang the majority of the cjooling means on the exterior 
of the bulb, the flow direction of the heat transfer from 
the bulb will be primarily outward, not inward towards 
the inner cooling medium. Therefore, this exterior cool- 
ing medium aids in drawing addrtfonal heat from the UV 
bulb away from the coating or substrate to be cured, thus 
allowing more control over the curing stage and greatfy 
reducing the risks associated ¥wth over-cure, or heat 
damage to the coating or substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 9] The advantages, nature and various acWittonal 
features of the Invention will appear more fully upon con- 
sideration of the illustrative embodiment of the invention 
which is schematteally set forth in the drawings, In 
whch: 

Figure 1 is a cross-sectional view of an embodiment 
of the curing apparatus of the present inventton; and 
Figure 2 is a cross-sectional view along the tong ax- 
is of an embodiment of the enuring apparatus accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present inventton will be explained in fur- 
ther (tetaii by making reference to the accompanying 
drawings, whrch do not limit the scope of the invention 
in any way. 

[0021] Fteferring to the drawings, Rgures 1 and 2 
show a cross-sectional view of a cylindrk»l embodiment 
of the curing apparatus of the present invention. In the 



present invention, a substrate or coated fiber 1 passes 
through the center line of a crure ctiamber apparatus. 
Located concentrically around the fiber or substrate 1 is 
a UV tran^arent tube 2. The tube 2 is made from a ma- 
5 terial, suc^ as quartz, that is tran^iarent to U V radiation. 
This allows the UV radiation to pass through the tube 2 
to the substrate 1, without interference or dissipation, 
thus ensuring that there is no drop in the effkaency of 
the curing process due to UV radiation being absorbed 

10 in the tube 2. 

[0022] Additionally. In the preferred OTbodiment the 
tube 2 is removable within the curing chamber assem- 
bly. This is because various volatiles and vapors are 
generated and emitted from the coating or substrate ma- 

'5 terials being cured during the curing process. These va- 
pors and volatiles have tiny partktes of impuriti^. whch 
eventually become cieposited on Inner surface of the 
tube 2 during curing. These cteposits buikJ up and even- 
tually adversely affect the efficiency of the curing proc- 

^ ess as they tend to block or further diss^ate UV radia- 
tion directed towards the substrate or coating 1 . There- 
fore, rt is desirable that the tube 2 be easily removable 
allowing frequent replacement to ensure maximum effi- 
ciency of the curing apparatus. In Figures 1 and 2 the 

25 tube 2 is shown as a circular cylinder, however, the 
shape of the tube 2 can vary as required by the partknjiar 
applteatfon of the apparatus (such as elliptfcal cylinder 
or oval cylinder). 

[0023] Between the tube 2 and the substrate or fiber 

30 1 a space exists 3. Through this space 3 an inert gas. 
such as nitrogen, is fussed. The passage of an inert gas 
through this space 3 serves two major purposes. The 
first purpose is to provkle an inert environment which is 
free from oxygen around the substrate or fiber 1 being 

35 cured. \f oxygen is present on or near the surface of the 
substrate or fiber 1 being cured, it will chemically react 
with the UV curable coatings or materials, thus limiting 
the desired efficiency of the polymerization (i.e. curing) 
of the coating materials. Thte is undesirable as it is nec- 

« essary for the curing process to be as effkaent as pos- 
sible. The second purpose of the inert gas in the regton 
3 is to act as an exhaust vessel to blow out or remove 
as much of the volatiles and vapors emitted from the UV 
curable materials as possible. As stated eartier, the 

*5 presence of these vapors and volatiles in the space 3 
around the substrate or fiber 1 tend to reduce the effi- 
ciency of the UV curing process, as they absoib and de- 
flect some of the UV radiation directed at the substrate 
orfiber 1 . Therefore, the inert gas is used to continuous- 

^ ly move the vapors and volatiles out of the space 3 to 
increase the cairing efficiency and decrease the deposi- 
tion rate of the volatiles on the tube 2. By dec^-easing the 
deposition rate of the volatiles on the tube 2, the tube 2 
will have to be r^laced less frequently, thus increasing 

!5 the effkaency of the curing apparatus while reducing 
costs. The inert gas whteh passes through the space 3 
can be either pushed or drawn through the space 3 by 
any common or conventional method used to pass a gas 
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through a tube. 

[0024] In the preferred embodiment of the present in- 
vention, the inert gas passed through the space 3 can 
be either heated or <*i[led depending on the require- 
ments of the curing process. The temperature of the 
substrate orfiber 1 and the ^ce3sunrounding the fiber 
or substrate 1 is often very critical in opttnizing the cur- 
ing or poiynDerization rate of the coating material being 
used. For example, when curing the coating on an op- 
tical fiber, the optical fiber itself is very hot from the draw- 
ing process (which basically invoh^es melting a glass 
prefonn and drawing it into a fiber). If a chilled or cooled 
environnrtent is provided within the space 3 the fiber and 
coating temperature can be brought down to an optimal 
temperature for polymerization of the coating. Without 
this tennperature control the coating may become im- 
properiy cured because of the residual heat in the glass 
fiber. This accumulation of the fiber's residua! heat with 
the curing heat causes thermally induced surface irreg- 
ularfties or material property gradiente in the cured coat- 
ing. Because of the importance of the coating in protect- 
ing the glass fibers, such inegulariti^ in the coatings 
are extremely undesirable. 

[0025] Alternatively, if the substrate 1 to be cured is 
for an optical fiber riW>on or cable (having a number of 
already coated and cured optical fibers affixed in a ma- 
trix or substrate) there is little or no residual heat, as is 
associated with the optical fiber drawing process. The 
fibers are usually at room temperature. In this case it 
may be desirable to heat up the coating or sub^rate ma- 
terial to aid in the curing of the material, as heat ads as 
a catalyst to increase the curing speed of some coating 
or substrate materials. Therefore, in one embodiment of 
the pr^ent invention the inert gas can be heated (as 
might be the case for use with n'bbons and cables) and 
in another embodiment the inert gas can be cooled or 
chilled (as might be the case for use with drawn fibers). 
Any common or conventional gas temperature control 
device can be used to regulate and control the tenper- 
ature of the inert gas passing through the space 3. Fur- 
ther, in the preferred embodiment the inert gas can be 
either heated or chilled so as to allow the UV curing ap- 
paratus to be used in multiple applications. 
[0026] As shown in Rgures 1 and 2, a tubular UV bulb 
5 is located concentrically around the tube 2 such that 
a cooling region 7 e created between the inner surface 
5A of the UV bulb 5 and the tube 2. The cooling region 
7 is flooded with a UV transparent cooling medium that 
is both chilled and flowing. This cooling medium will al- 
low substantial heat transfer from the bulb 5 into the 
cooling medium and cooling region 7 so as to ensure 
that the bulb 5 maintains a stable and efficient operating 
temperature. High temperatures can damage the bulb 
5, the tube 2 and the coating or substrate 1 being passed 
through the apparatus. It Is also important that the cool- 
ing medium be UV transparent, such as chilled dialled 
water or chilled nitrogen gas. to ensure that the cooling 
medium do^ not absorb, refract or refled any of the UV 



radiation emitted from the bub 5 towards the substrate 
or fiber 1 . This will ensure maxmium UV radiation effi- 
ciency. In the prefen^ed embodinrtent, the cooling medi- 
um is chilled nitrogen gas. However, any fluid medium 

5 that is transparent to the wavelength of light that Is used 
to w^te the photoinitiators or photosensltizers in the 
UV curable coalings or substrates 1 can be used. 
Chilled nitrogen g^ is preferred because it is extremely 
UV transparent, it will aid in the extradion of heat frwn 

10 the UVbuft) 5, it will provide an oxygen free environment 
between the bulb 5 and the tube 2, thus avoiding the 
creation of harmful ozone, and it is relatively inexpen- 
sive. 

[0027] As with the inert gas flowing through the sj^ce 
'5 3, any conventional orcomnrwnly used device or method 
can be used to flow the cooling medium through the 
cooling region 7. Further, any common or conventional 
gas or liquid tenperature control device can be used to 
regulate and control the temperature of the cooling me- 
^ dium as it passes through (or prior to it passing through) 
the cooling region 7. 

[0028] In some applications of tiie present invention 
it is not necessary to have the cooling medium In the 
cooling region 7 chilled prior to, or while, it is being 
^ flowed past the bulb 5. In these applications, ttie t^ 
perature control of the bulb 5 is not as critical or is being 
handled by a different metfiod, or when the heat gener- 
ated by the bulb 5 is desirable. For example, when cur- 
ing substrate or matiix materials for optical fiber cables 
30 or n'bbons which do not have residual heat from the 
drawing process it may be desirable to have additional 
heat from the bulb 5 to aid curing. In these cases the 
flowing medium in the cooling region 7 is primarily used 
to remove oxygen from the environment between the 
35 bulb and the substrate (to eliminate the problems asso- 
ciated with the creation of ozone and depleting the UV 
energy available for curing the substrate). 
[0029] The bulb 5 is a tubular bulb which can be any 
cross-sectional shape that is most desirable for ttie fiber 
40 or substrate 1 to be cured. In Figures 1 and 2 the shape 
of the bulb 5 is cylindrical. The fact that the bulb 5 is a 
tube ensures that ttiere is a complete 360* exposure of 
the fiber or substrate 1 to the UV radiation emitted from 
the buib 5. This will ensure efficient and even curing of 
^ ttie UV curable material. The UV bulb 5 contains ele- 
ments which, when heated to a plasma by electric cur- 
rent or microwmve radiation, radiate UV light In the op- 
timal wavelength ranges required by the photoinitiators 
or photosensltizers used in the UV curable coating of 
so ttie fiber or substrate 1 , typically between 250 nm and 
450 nm. Excinner gases, such as Xenon or Argon, may 
be used to provide a nanx>w bandwidtti of wavelengtti 
output Other embodinrtents of the invention can use 
buibs 5 of other types, such as mercury bulbs, metal hal- 
55 ide bulbs, or other bulbs containing any performance en- 
hancing additives. 

[0030] Furttier, in the pr^ent invention the interior 
surface 5A of the bulb 5, or one or botii of ttie surfaces 
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2A. 2B of the tube 2. are coated wfth an infrared (IR) 
filter (not shown). In fat^, in one embodiment of the in- 
vention aJI of the these surface 5A, 2A and 2B are coat- 
ed with the IR filter The infrared filter is of a type which 
is efther conr^etely, or mostly, transparent to UV radia- 
tion to allow the UV radiation to reach the substrate or 
fiber 1 to be cured, but reflect ail, w most of, the other 
wavelengths of radiation, sucA as IR radiation back 
away from the substrate 1. This aspect of the present 
invention aids in directing non-UV radiation away from 
the substrate and back at the bulb 5 and the cooling fluid 
flow through the region 7. This is desirable when it is 
necessary to restlct the amount of heat added to the 
environment surrounding the substrate or nber 1 , such 
as when curing the coating on an optfcal fiber. In addition 
to limiting the increase in temperature around the sub- 
strate, the shielding reflet^ wavelengths (IR) back Into 
the bulb 5 whfch rrmy then be used to Increase the effi- 
ciency of actuation of the plasma within the bulb 5, thus 
increasing the effkaency of the bulb's 5 output by requir- 
ing less energy input to maintain the plasma state. Ad- 
ditionally, when the IR filter coating is applied to the sur- 
face 2A or2B of the tube 2, the IR (heat) will be trapped 
between the bulb 5 and the tube 2 thus increasing the 
heat transfer effteiency to the cooling fluid flow 7. 
10031 1 Unlike the prior art, the preferred embodiment 
of the present invention does not employ a standard re- 
flector on the outer surface of the bulb 5, but instead 
uses a dfchroic reflector 8. The dichroic reflector 8, of 
the present invention, is transparent to most of the 
wavelengths transmitted by the bulb 5, but is reflertwe 
to the all, or most, of the UV radiation emitted by the 
bulb 5. Therefore, unlike the prior art, the IR radiation 
(heat) escapes through the outer surface of the bulb 5, 
while the UV radiation does not. This prevents the UV 
radiation from reacting with the oxygen in the air sur- 
rounding the exterior of the bulb 5, thus preventing the 
creation of hannful ozone, while alk>wing the heat gen- 
erated by the bulb 5 to be emitted out of the outer surface 
of the bulb 5. This alk>ws the bulb 5 to be cooled on its 
outer surface and its Inner surface at the same time, 
greatly increasing temperature control of the bulb 5. 
\00^] The dfehrok: reflector 8 can either be a sepa- 
rate reflective surface positioned concentrically around 
the external surface of the bulb 5 (as shown in Rgure 
1), or can be a reflective coating placed on the exterior 
surface 5B of the bulb 5, similar to the filter coatings 
used on the tube 2 or the bulb 5. It should be noted how- 
ever, that the dichrok: reflector 8 is not necessary for 
every embodiment of the present invention, and the In- 
vention can operate without such a reflector. The pre- 
ferred embodiment of the present invention employs the 
dichroic reflector 8 whteh Is separate from the UV bulb 
5, as shown in Rgure 1 . 

[0033] In the prefen-ed onbodiment, the dfchroc re- 
flector 8 has a plurality of holes or gaps (apertures) 
throughout its circumference to allow a cooling medium 
or fluid 6 (discussed in more detail below) to pass 



through the dtehrofc reflector 8 and cool the bulb 5. In 
an altemative embodiment of the present invention, the 
dk^roic reflector 8 has a soDd surface (free of holes or 
apertures), and the cooling medium 6 flows in the g^ 
5 between the reflector 8 and the bulb 5 in along the long 
axis of the apparatus, ir^tead of across the apparatus 
as shown in Rgures 1 and 2. However, if this altemative 
embodiment s used artd the coolirtg medium 6 used for 
the bulb is air or nitrogen, the heat transfer of the bulb 
^0 to the coonng medium would be relatwely inefffcfent. as 
the flow pattern shown In Figures 1 and 2 is optirmi for 
using cooling air or nitrogen. In this alternative embod- 
iment, the (^timal cooling medium to be used in the re- 
gion between the reflector 8 and the bulb 5 would be a 
« liquid cooling medium, such as water. As with the other 
cooling mediums used in the various embodiments of 
this invention, the cooling medium used In the space be- 
tween the dk^rolc reflector 8 and the bulb 5 can be 
cooled by any commonly used or conventional means 
20 either prior to or while it is flowing through the space. 
[0034] Another embodiment of the present invention 
is shown in Rgure 3. In the embodiment the dichrok: 
reflector 8a has a confcal or beveled surface or surfaces 
in place of the cylindrical surface reflector 8 (shown in 
^ Rgure 1 ). (Note that Rgure 3 shows two opposite con- 
k»I surfaces, however, the present invention is not lim- 
ited to this conflguration and may use a single conk^al 
surface reflector.) In this embodiment, some or all of the 
UV radiation emitted frwn the outer surface of the bulb 
30 5B is reflected back at the center of the apparatus (i.e. 
the substrate 1) at an angle such that the reflected UV 
radiatbn contacts the surface of the substrate 1 just be- 
fore entering the bulb cylinder 5 and/or just exiting the 
bulb 5, as shown in Rgure 3. The intensity of this irra- 
35 diatlon will be lower than that of the direct irradiation 
emitted from the bulb's inner surface 5A, but will still be 
concentric (360<*) around the substrate 1 as bng as the 
reflector surface 8a is deigned and maintained proper- 
ly. If, air, or other non-inert gas is used as the cooling 
^ medium 6 (discussed in more detail below), the resulting 
generation of ozone will deplete the UV energy available 
for the photopolymerization process. It is possible to use 
an Inert gas for this cooling medium 6, however, the ad- 
vantage gained by removing the UV energy dissipation 
^ associated with ozone generation is likely to be over- 
whelmed by the cost associated with using an inert gas. 
The high volume of flow required suggests that air would 
be the desirable fluid for the cooling nrtedium 6, in this 
emtjodiment, and that the UV energy loss^ would be 
so acceptable when considering the UV energy efficiency 
improvements gained elsewhere In this design. 
[0035] In the preferred embodiment of the present in- 
vention, the cooling fluid or medium 6 flowed past, or 
drawn by, the outer surface of the bulb 5 such that the 
ss cooling medium 6 ads as an additional heat sink ab- 
sorbing heat from the bulb 5. In this ^ntwdiment, the 
bulk of the cooling of the bulb 5 occurs on its exterior 
surface 5B, and not its interior surface 5A. This is, at 
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least, partially due to the lari^r surface area on the ex- 
t^r of the bulb 5 then the interior surface 5A of the 
bulb 5. Because, in this embodiment, the heat of the bulb 
5 is prinrffirily drawi outward instead of inward (heat 
flows from a high tenperature region to a low tempera- 
ture region at a rate proportional to the difference in the 
terr^ratures), heat will be drawn way frwn the sub- 
strate or coating 1 to be cured. This will be enhanced by 
chilling the cooling medium 6 either prior to or as It flows 
past the exterior surface of the bulb 5. If the medium 6 
Is chilled it creates an even larger temperature differ- 
ence tsetween the bulb 5 and the medium 6, increasing 
the heat transfer rate and drawing more heat away from 
the sut>strate 1 . 

[0036] Additionally, because in this embodiment the 
bulb 5 is now effectwely cooled by two cooling mediums, 
one internally in the region 7 and one externally by the 
cooling medium 6, the efficfency of the bulb 5 can be 
maintained nr»re accurately, thus protecting the sub- 
strate or fiber 1 to be cured from undesirable high tem- 
peratures, whOe the longevity of the bulb 5 is increased. 
[0037J Furthermore, because the dichroic reflector 8 
or 8a reflects the majority, if not all, of the UV radiation 
back into the bulb 5, regular air can be used as the cool- 
ing medium 6. Unlike with the cooling region 7, It is not 
necessary to use an oxygen free inert gas, such as ni- 
trogen, as the cooling medium 6 because most, if not 
all, of the UV radiation is reflected back into the bulb 5 
preventing or limiting the Interac^n between the oxy- 
gen in air and UV radiation (although such a cooling me- 
dium can be used). It is important to note that if air (or 
other another non-inert gas) is used for the cooling me- 
dium 6, the generation of ozone will result (but to a much 
lesser extent than if no reflector was used). However, if 
property ventilated, as Is the standard for the prior art 
UV lamps, this ozone will not present a health risk to 
operators using the lamps. Rnally, the reflection of the 
UV radiatton back into the bulb 5 may increase the effi- 
ciency of the bulb 5 output by increasing the percentage 
of plasma being generated. 

[0038] The present invention will result in an in- 
creased curing efficiency of UV curable coatings and 
substrates for optteal fiber production, while reducing 
the risks associated with over-curing the coatings, cre- 
ation of hamnful ozone and high levete of heat generated 
within the curing apparatus. Moreover, overall costs as- 
sociated with the curing process will be reduced, while 
curing speeds can be increased, as less energy input 
will be required to reach required performance levels be- 
cause of the increased curing efffciency and control. 
[0039] It is of course understood that departures can 
be made from the preferred embodiments of the inven- 
tion by those of ordinary skill in the art without departing 
from the spirit and scope of the invention that is limited 
only by the following claims. In particular, it shouW be 
noted that although Rgures 1 and 2 depkt the UV curing 
apparatus as cylindrical or drcular, it is possible for the 
apparatus to be of any shape. For example, the tube 2, 



and bulb 5 can be elliptfcal or ova! in shape so as to be 
used in conjunt^on with curing a flat optical fiber ribbon 
structure. Therefore, the cross-set^onal shape of the 
apparatus (tube 2 and bulb 5) should not be limited to 
5 what is shown in the drawings and can be of any desir- 
able shape for the purpose for which it Is being used. 
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An apparatus for curing an article passing through 
said apparatus through ultraviolet irradiation, com- 
prising: 

- a hollow tubular ultraviolet light emitting devbe 
(5) having an interior surface (5A) and an exte- 
rior surface (5B); 

- an ultraviolet transparent tubular element (2) 
defining a first space (3) for insertion of an ar- 
ticle (1 ) to be cured, saki tubular element being 
surrounded by saki ultraviolet light emitting de- 
vfee defining a second space (7) between an 
interior surface of said fight emitting devtee and 
an outermost surface of said tubular element; 
and 

means for passing an inert gas through said 
first space. 



2. The apparatus according to claim 1 , wherein the tu- 
30 bular ultraviolet light emitting devtee (5) is cylindri- 
cal. 

3. The apparatus according to daim 1 or 2, wherein 
the tubular element is removably connected to be 

35 easily removed and replaced. 

4. The apparatus according to claim 1 . 2 or 3, further 
comprfeing a means to heat the inert gas passing 
through said first space. 

40 

5. The apparatus according to claim 1 . 2 or 3, further 
comprising a means to coo! the inert gas passing 
through said first space. 

45 6. The apparatus according to daim 1.2 or 3, further 
comprising a means to heat or cool the inert gas 
passing through said first space. 

7. The apparatus according to one of daims 1 to 6, 
so wherein a surface of said tubular element (5) is 

coated with a first shieWing layer, said first shielding 
layer being substantially tran^arent to ultravblel 
nght and reflective of infrared light emitted from said 
tubular ultraviolet light emitting devce. 

55 

8. The apparatus according to one of daims 1 to 6, 
wherein the Interior surface (5A) of said tubular ul- 
traviolet light emitting device (5) is coated with a 
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shielding layer, said shielding byer being substan- 
tially tran^arent to ultraviolet light and reflet^we of 
Infrared light emitted from said tubular ultraviolet 
light emitting device. 

5 

9. The apparatus according to one of dains 1 to 8, 
further coiT^rfsing a dichroic refle<^r (8) surround- 
ing the exterior surface of said tubular ultraviolet 
l^t emitting device, said dichroic reflector reflect- 
ing uftraviolet light emitted from said tubular ultravh io 
olet light emitting d^nce. 

10. The apparatus according to one of claims 1 to 9, 
further comprising a means for flowing a first cooling 
medium through said second space (7). is 

1 1 . The apparatus according to daim 1 0, wherein said 
first cooling medium is transparent to ultraviolet ra- 
diation. 



20 

1 2. The apparatus according to daim 1 0 or 1 1 , wherein 
said first cooling medium is a gas. 

13. The apparatus according to daim 1 0 or 11 , wherein 
said first cooling medium is a liquid. 2s 

14. The apparatus according to one of daims 1 to 13, 
further comprising a means to flow a second cooling 
medium past the exterior surface (5B) of said tubu- 
lar ultraviolet light emitting device (5). 30 

15. The apparatus according to one of daims 9 to 14, 
further conrprising a means to flow a second cooling 
medium past an exterior surface of said dichroic re- 
flector (8). 



16. The apparatus according to daim 15, wherein said 
dichroic refiedor has a plurality of apertures for al- 
lowing said second cooling medium to contact the 
exterior surface of said tubular ultraviolet light emit- 
ting device (5). 

17. The apparatus according to daim 14, 15 or 16, 
wherein said second cooling medium is air. 

18. The apparatus according to one of daims 9 to 13, 
further comprising a third space defined between 
said dichroic refiedor (8) and said tubular ultraviolet 
light emitting device (5). 

19. The apparatus according to daim 18, further com- 
prising a means for passing a second cooling me- 
dium through said third space. 

20. The apparatus according to claim 19, wherein said 
second cooling medium is a liquid. 

21. The apparatus according to one of daims 9 to 20, 
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Wherein said dichroic refiedor (8) refleds at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular uftraviolet light emitting de- 
vice (5) such that said some ultraviolet radiation 
contacts the surfa» of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
emitting device. 

22, The apparatus according to one of daims 9 to 20. 
wherein said dichroic reflector (8) reflects at least 
some ultraviolet radiation emftted frwn the exterior 
surface of said tubular ultraviolet light emitting de- 
vice (5) such that said some ultraviolet radiation 
contacts the surface of an artide to be cured after 
said artide exits said tubular ultraviolet light emitting 
device. 

23, The apparatus according to one of daims 9 to 20, 
wherein saki dichroic reflector (8) reflects at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet l^ht emitting de- 
vice (5) such that said some ultraviolet radiation 
contacts the surface of an artide to be cured prior 
to said article entering said tubular ultraviolet light 
emitting device and after said artide exits said tu- 
bular ultraviolet light emitting device. 

24. An apparatus for curing an artide inserted in said 
apparatus through ultraviolet irradiation compris- 
ing: 

- a hollow tubular ultraviolet light emitting device 
(5) having an interior surface (5A) and an exte- 
rior surface (5B); 

- a dichroic refiedor (8) surrounding said light 
emitting device, said dichroic refiedor refled- 
ing only uttraviolet light; 

- an ultraviolet transparent tubular elortent (2) 
defining a first space (3) for insertion of an ar- 
ticle (1 ) to be cured, said ttjbular element being 
surrounded by said uttraviolet light emitting de- 
vice with a second space (7) provided between 
the interior surface of said ultraviolet light emtt- 
ting device and said tubular elOTent 

25. The apparatus according to daim 24, further com- 
prising a means for passing an inert gas through 
said first space. 



so 26. The apparatus according to daim 25, further com- 
prising a nr^ans to cool or heat said inert gas pass- 
ing through said first space. 

27. The apparatus according to one of daims 24 to 26. 
S5 wherein a surface of said tubular element (2) is 
coated witti a first shielding layer, said first shielding 
layer being substantially transparent to ultraviolet 
light and refledh^e of infrared light emrtted from said 



8 



15 



EP 1216 968 A1 



16 



tubular uttraviotet light emitting device. 

The apparatus according to daim 24. 25 or 26, 
wherein the interior surface of said tubular uftravio- 
1^ l^ht emttting device is coated wfth a shielding 
layer, sakl shielding layer being substantially trans- 
F^rent to ultraviolet light and reflective of Infrared 
light emitted from said tubular ultraviolet l^t emit- 
ting device. 

29. The apparatus according to one of claims 24 to 28, 
wherein the tubufar element (2) is removably con- 
nected so as to t)e easily removed and repla:ed. 

30. The apparatus according to one of claims 24 to 29, 
further comprising a means for flowing a first cooling 
medium through said second space (7). 

31 . The apparatus according to daim 30, wherein said 
first cooling medium is transparent to ultraviolet ra- 
diation. 

32. The apparatus according to daim 30 or 31 , wherein 
said first cooling medium is a gas. 

33. The apparatus according to daim 30 or 31 . wherein 
said first cooling medium is a liquid. 

34. The apparatus according to one of daims 24 to 33, 
further connprising a means to flow a second cooling 
medium past an exterior surface of said dichroic re- 
flector (8). 

35. The apparatus according to daim 34, wherein said 
dichroic reflector has a plurality of apertures for al- 
lowing said second cooling medium to contad the 
exterior surface (5B) of said tubular ultraviolet light 
emitting device. 

36. The apparatus according to daim 34 or 35, wherein 
said second cooling medium is air. 

37. The apparatus according to one of daims 24 to 33, 
further comprising a third ^ace defined between 
said dichroic refledor (8) and said tubular ultraviolet 
light emitting device (5). 

38. The apparatus according to daim 37, further com- 
prising a means for passing a second cooling me- 
dium through said third space. 

39. The apparatus according to daim 38, wherein said 
second cooling medium is a liquid. 

40. The apparatus according to one of dabrns 24 to 39, 
wherein said dichroic refledor (8) reflects at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet light emitting de- 



vice (5) sudi that said some ultraviolet radiation 
cont^rte the surface of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
fitting device. 

5 

41 . The apparatus according to one of daims 24 to 39, 
wherein said dichroic refledor (8) refleds at least 
sonrte ultraviolet radiation fitted from the exterior 
surface of said tubular ultraviolet light emitting de- 
'0 vice (5) such that said some ultraviolet radiation 
contacts the surface of an artide to be cured after 
said artide exits said tubular ultraviolet light emitting 
device. 

« 42. The apparatus according to one of daims 24 to 39, 
wherein saki dichroic refledor (8) reflects at least 
sonrte ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviol^ light emitting de- 
vice (5) such that said some ultraviolet radiation 

^ contacte the surface of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
emitting device and after said artide exits said tu- 
bular ultraviolet light emitting device. 

^ 43. A method for curing an artide passing through a 
curing apparatus with ultraviolet radiation, compris- 
ing: 



30 



40 



45 



- passing an article (1 ) to be cured through a first 
space (3) defined by an ultraviolet transparent 
tubular element (2); 

• flowing an inert gas through said first space (3); 

- emitting ultraviolet light from a hollow tubular 
ultraviolet l^ht emitting device (5) having an in- 
terior surface (5A) and an exterior surface (5B), 
said tubular ultraviolet light device sun^unds 
said tubuter element defining a second space 
(7) between the interior surface of said ultravi- 
olet light emitting device and an outermost sur- 
face of said tubular element; 

- exposing said artide to be cured to said ultra- 
violet light; and 

- flowing a first cooling medium through said sec- 
ond space. 

44. The method according to daim 43, further compris- 
ing cooling or heating said inert gas flowing through 
said first space. 



50 45. The method according to daim 43 or 44. wherein 
said first cooling noedium is an ultraviolet transpar- 
ent gas or liquid. 

46. The method according to daim 43, 44 or 45. further 
S5 comprising cooling said first cooling medium flow- 
ing through said second space. 

47. The method according to one of dainns 43 to 46, 
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further comprfeing flowing a second cooling medi- 
um past the exterior surface of said ultraviolet light 
emitting device (5). 

48. The nnethod according to one of daaro 43 to 47, s 
further cwiprising reflecting infrared radiation emit- 
ted ftwn said tubular ultraviolet light emitting device 

off of a surface of said tubular etement (2). 

49. The method according to one of daims 43 to 48, io 
further cwnprising refiecting infrared radiation emit- 
ted from said tubuter ultraviolet light emitting device 

off of the interior surface of said ultraviolet light emit- 
ting devk^e. 

15 

50. The method according to one of claims 43 to 49, 
further comprising reflecting ultraviolet radiation off 
of a dichrok: reflector (8) surrounding the exterior 
surface of said ultraviolet light emitting device (5). 

20 

51 . The method ax»rding to daim 50, further compris- 
ing flowing a second cooling nriedium over an exte- 
rior surface of said dichroic reflector. 

52. The n^thod according to daim 50, further compris- 25 
ing flowing a second cooling medium through a plu- 
rality of apertures in said dichroic reflector so said 
second cooling medium contacts the exterior sur- 
face of said ultraviolet light emitting device. 

30 

53. The nrtethod according to daim 50, further compris- 
ing flowing a second cooling medium through a third 
space defined between said dichroic reflector and 
said ultraviolet light emitting device. 

35 

54. The method according to one of daims 50 to 53 , 
further comprising reflecting at least sonr>e ultravio- 
let radiation emitted from the exterior surface of said 
tubular ultraviolet light emitting device (5) off of said 
dichroic reflector (8) such that said some ultraviolet 40 
radiation contads the surface of the artide ( 1 ) to be 
cured prior to said article entering said tubular ul- 
traviolet light emining device. 

55. The apparatus according to one of daims 50 to 53, 45 
further comprising reflecting at least some ultravio- 
let radiation emitted from the exterior surface of said 
tubular ultraviolet light emitting device (5) off of said 
dichroic refledor (8) such that said some ultraviolet 
radiation contads the sutlace of the artide (1 ) to be so 
cured after said article exits said tubular ultraviolet 
light emitting device. 

56. The apparatus according to one of daims 50 to 53, 
further comprising reflecting at least some ultravio- 55 
let radiation fitted from the exterior surface of said 
tubular ultraviolet light emitting (tevice (5) off of said 
dichroic refledor (8) such that said s(m\e ultraviolet 



radiation contads the surface of the artide (1 ) to be 
cured prior to said artide entering said tubular ul- 
traviolet light OTitdng device and after said artide 
exite said tubular ultraviolet Dght emitting ctevice. 
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(54) Method and apparatus for uttravlolet curing 

(57) The present invention Is an apparatus for curing 
an article (1) that is passing through the apparatus, 
wherein the article is being cured by ultraviolet radiation 
curing. The present invention most commonly appli^ 
to the field of fiber optics, and the manufacture of optical 
fibers and fiber c^tic cables or ribbons. The present in- 
vention comprises a hollow tubular UV light fitting de- 
vice (bulb) (5) and a UV transparent tube (2) where the 
bulb is disposed around the tube creating a space (7) 
between the tube and the bulb. The article to be cured 
pass^ through the center of the tube along with an inert 
gas, where the inert gas is either cooled or heated de- 
pending on the application of the apparatus. A UV trans- 
parent cooling medium is passed through the space be- 
tween the tube and the bulb to provide cooling for the 
apparatus, preventing heat damage from the bulb. 
Shielding coatings are employed on either the surface 
(2A, 28) of the tube (2) or the inner surface of the bulb 
(5) to prevent hamrful and unwanted radiation from the 
bulb from reaching the article to be cured. Further, a di- 
chroic reflector (8) is employed outside of the bulb to 
reflect UV radiation back into the bulb while allowing oth- 
er radiation emitted by the bulb to escape, while the ex- 
terior of the bulb is being cooled by an additk>nal cooling 
medium passing over the exterior of the bulb. The 
present invention greatly inr^roves temperature control 
and operatfonal efficiency of the UV curing process over 
prior art devrces. 
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D^cr^itlon 

B^KGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention ^nerally retetes to the 
field of optical fa>ers. in particular the present invention 
is directed to a new and novel method and apparatus 
for curing optical fibers with ullraviol^ radiation. 

Discussion of Related Art 

[0002] Optical fibers are very small dameter glass 
strands whbh are capable of transmitting an optical sig- 
nal over great distances, at high speeds, and with rela- 
tively low signal loss as compared to standard wire or 
cable networks. The use of optical fibers in toda/s tech- 
nology has developed into nrtany widespread areas, 
such as: medicine, aviation, communications, etc. Be^ 
cause of this development, there Is a growing need to 
prwluce optical fibers of better quality at faster rates and 
lower costs. 

[0003] Many of the areas of use for optical fibers, su<^ 
as communications, require the optical fibers be protect- 
ed from various d^tructive elements, such as adverse 
weather, moisture, impact damage, etc. This protection 
for the individual fibers comes from the fiber coatings. 
Today, most optical fibers have two coatings, which are 
often referred to as the primary and secondary coatings. 
The primary coating is applied onto the surface of the 
optical fiber, with the secondary coating being applied 
ori top of the primary coating. The main fum^on of the 
primary coating is to provide a soft "cushion" for the 
glass fiber, protecting it from shock damage. The main 
purpose of the secondary coating is to provide a semi- 
rigid protectee shell to protect both the primary coating 
and the glass fiber from adverse environmental ele- 
ments, as welt as physk:al damage. 
[0004] Often these coatings have ultraviolet (U V) pho- 
toinitiators in their composition. Photoinrtiators function 
by absorbing energy which is radiated by a UV, or some- 
times a visible, light source. This energy absorption then 
initiates polymerization of the liquid coating placed on 
the fiber, and accelerates the hardening of the coating. 
This acceleration greatiy reduces the production time of 
optical fibers, making productfon more profitable. The 
curing of the coatings take place in specifk: UV curing 
stages during the optical fiber manufacturing proc^. 
There are curing "chambers" at these stages whfeh fa- 
cilitate the curing of the coating. 
[0005] Within most of these curing "chambers" there 
is at least one UV light source whfeh emits UV radiation 
or light onto the optfcal fiber coating. It should also be 
noted that this curing step is also found when manufac- i 
turing fiber optfc cables or ribbons, when the cable or 
n'bbon matrix or substrate is to be cured around a plu- 
rality of fibers. In either application, the bask; function 



and operation of the UV ojring chamber remains the 
same. 

[0006] As stated eariier, most prior art curing <^iam- 
bers have at least one UV light source or bulb to emit 

5 the UV radiation or Dght This configuration leads to a 
very serious problem inherent In prior art curing (Cam- 
bers. Optfcal fibers, fiber ribbons and fiber cables re- 
quire curing around the complete drcumference of their 
coatings or matrix materials. Because the coatings are 

10 applied concentrically around the fibers, ribbons or ca- 
bles, the entire 360* around the center line of the fib^, 
ribbon or cable must be cured evenly. Without an everi 
cure of the coating there will be uneven cure gradients 
throughout the coating, whic^ leads to inadequate pro- 
tct^ion of the fibers. 

[0007] In an effort to avokJ the problem of uneven cure 
around a fiber, ribbon or cable, prior art curing devfces 
use minors or reflective surface inside the curing 
chamber to reflect the UV radiation from the bulb back 

20 at the surface or coating to be cured. Although this par- 
tially addresses the problems associated with the prior 
art devrces, it is a relatively inadequate solution. Prima- 
rily, the problems associated with uneven cure gradients 
in the coatings are not conrpletely avoided. The min-ors 

25 or reflectors that are used are not 1 00% efficient. This 
means that some of the UV radiatk)n or light emitted 
from the bulb, whteh strikes the reflective surface of the 
mirror, is either absorbed into the surface, or refracted 
or reflected away from the coating or substrate to be 

w cured. Therefore, some of the U V radiation from the light 
source is lost and/or not directed at the coating to be 
cured. Because of this the intensity of radiation is differ- 
ent around the coating or substrate. This difference in 
intensity translates to different cure states around the 

» coating or substrate, and as stated eariier, thfe is highly 
undesirable. 

[0008] Another significant problem associated with 
cun-ent UV curing chambers Is the relatively high heat 
that is generated from the UV lamps during operation. 

f In most prior art curing chambers the UV light source 
used does not exclusively emit UV l^ht, but also emits 
other wavelengths of light like those found in the Infrared 
light spectrum. The infrared (IR) light emitted generates 
a signifk^nt amount of heat in the curing chamber dur- 

5 ing operation. The generation of this heat leads to a 
number of pr<^lems in the manufacture of optical fibers, 
ribbons and coatings. 

[0009] A major problem is due to the fact that the heat 
generated Is added to the heat which already exits from 
' the optical fiber being drawn through a fumace (used to 
draw a prefomri into a fiber). This added heat accelerates 
the curing of the coatings on the fibers, ribbons, and ca- 
bles, and can lead to the coatings being "over^red" or 
improperly cured. "Over-cure" s a situation where the 
coating or substrate becc»nes too hard and leads to mi- 
cn^ending in the optfcal fiber which adversely affects 
the quality of the signal sent through the fiber. 
[001 0] One of the most common solutions used in the 
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prior art to address the problCTis associated with the 
high heat generated, through the use of cooling air in 
the UV ojrlng chamber. However using cool air to try 
and control the high heat levels, that can be reached, is 
not without Its problenns. Rrst. if air is passed over the s 
coating or sutsstrate being cured the oxyg^ in the air 
inhibits prc^ polynierization and, therefore, proper 
curing of the coating or substrate. Second, even if the 
air is not In contact with the coating, but is passed 
through a cooling tube' the air inhibits the transmission io 
of the UV radiation to the substrate. Air tencte to absorb, 
reflect, and/or refract a percentage of the UV radiation 
emitted from the l^ht source used In the chamber. This 
coupled with the loss of UV radiation in the reflectwe 
surfaces (min-ors) used greatly reduces the efficiency of i5 
the UV light source requiring more power in the UV light 
source (and thus more heat) or slowing the curing proc- 
ess. Third, and pertiaps most importantly, when UV ra- 
diation is passed through air hamnfut ozone Is created 
through a chemical reac^on between the UV radiation 20 
and oxygen. The creation of ozone is extremely disad- 
vantageous due to the costs and complexity of the 
measures required to protect the environment from this 
ozone. 

[0011] There have been efforts in the prior art to ad- 25 
dress some of the problems discussed above, but they 
fall short. For example, the German Patent DE39 13519 
C2 discloses a UV bulb which is tubular in shape. This 
allows the bulb to surround the full 360° of the coating 
or substrate to be cured. This is to address the problems 30 
associated with using a single bulb with a number of re- 
flective surfaces, which can lead to uneven curing 
around the coating or substrate. This patent also dis- 
closes using a UV transparent cooling medium to cool 
the bulb In an effort to avoid the probl^ns discussed 35 
above. However, the patent discloses using a reflector 
on the exterior of the bulb to reflect radiation that is emit- 
ted out from the bulb back at the bulb and, therefore, the 
substrate or coating to be cured. This aspect of the pat- 
ent disclosure has some serious drawbacks. 40 
[0012] UV bulbs have a high temperature plasma re- 
gion within the bulb that generates the UV radiation 
(antong other types of radiation, such as IR). Because 
of this plasma region inside the UV bulb, reflected UV 
radiation will not be able to pass through the bulb to the 45 
substrate or coating. In fact, UV as well as IR radiation 
reflected back at the bulb is "captured" in the bulb, thus 
increasing the temperature of the bulb unnecessarily. 
This Increase in bulb temperature adversely affects the 
efffciency of the cooling medium and systems used. This so 
is because, as the operation of the bulb goes on, the 
bulb will be steadily increasing its own temperature as 
the UV and IR radiation is reflected back Into the bulb 
and trapped there because of the plasma in the bulb. 
This increasing heat, and reduced effkaency of the cool- 55 
Ing system will lead to a decrease in the operational life 
of the bulb and cooling system without any increase in 
the efficiency in the curing of the coating or substrate, 



as the reflected UV radiation never reaches the sub- 
strate or coating, and is trapped between ttte bulb and 
the exterior ref lecthre suriace. 

SUMMARY OF THE INVENTION 

[0013] The present invention Is directed to eliminating 
the above problems associated with prior art curing 
(Cambers through the use of a new and novel ultravwlet 
bulb, curing apparatus and curing method. 
[0014] The present Invention avoids the above prob- 
lems with the prior art by employing a number of new 
and novel features, which will be discussed briefly here, 
and in more detail below. First, the present invention em- 
ploys a UV transparent tube, through whfch the coated 
optical fiber or substrate is passed. An Inert gas is 
passed through the center of this tube so as to provide 
an inert environment free of oxygen, due to the adverse 
affect oxygen has on the polymerization process of UV 
curabte coatings and substrates. This tJV transparent 
tube and flowing inert gas further ac^is as an exhaust 
vessel to blow out volatile gases and emissions gener- 
ated during the curing of the coating or substrate. This 
b to minimize the deposit of these volatiles on the sur- 
face of the UV transparent tube. The deposition of these 
volatiles tencte to "cloud" the tube, thus redudng the ef- 
ficiency of the curing process as the UV radiation is 
blocked and/or dissipated by the "clouding." The inert 
gas used In this process is either heated or cooled to 
allow the temperature sunounding the coating to be 
controlled and changed to ensure optimum effkrfency of 
the curing process. 

[001 5] Second, the present invention further employs 
a hollow tubular UV bulb whch Is positioned concentri- 
cally around the UV transparent tube and coated fiber 
or substrate to be cured. The UV tube bulb will avoid the 
problems In the prior art of uneven curing by providing 
an evenly distributed UV radiation source completely 
around the substrate or coating to be cured. In the 
present invention, the UV tube bulb is large enough to 
provide a gap between the Inner surf^ of the bulb and 
the exterior surface of the U V transparent tube. A cool- 
ing medium is passed through the gap created between 
the tube and the bulb to allow ac^e cooling of the UV 
bulb. However, to avoid many of the problems with the 
prior art the cooling medium will be of a type transparent 
to UV radiation, thus allowing the radiation to pass 
through the cooling medium, remaining unaffected by 
the cooling medium. This will greatiy increase the effi- 
ciency over prior art curing methods. 
[001 6] Further, the present Invention employs the use 
of an infrared filter coating placed on either the interior 
side of the UV tubular bulb or on the UV transparent 
tube, or both. This coating prevents IR radiation from 
reaching the substrate or coating to be cur«J. prevent- 
ing many of the problems associated with overtieating 
the coating or substrate to be cured. However, this as- 
pect of the invention may not be necessary in situatfons 
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where the restrk^on of heat emitted to the coating or 
sul)strate is not necessary. This shfelding will further in- 
crease the efficiency of the bulb by reflecting the IR ra- 
diation back into the plaOTa regfon of the bulb, thus in- 
creasing the ac0\^on effteiency of the plasma and, 
therefore, the bulb's efficiency. 
(00171 Instead of using a reflector on the outeWe of 
the bulb to reflect aO of the emitted radiation back into 
the bulb, including IR and UV radiatfon. the present in- 
vention employs a dk:hrDfc reflector that b transparent 
to most radiatfon wavelengths, including IR, but reflerts 
the UV radiation bade into the bulb. TTiis will prevent the 
dramatfc increases in bub temperature found in the pri- 
or art, by allowing the IR radiation to escape the bulb 
while avoiding the environmental problems associated 
with the creation of harmful ozone, due to the reaction 
of UV radiation with the oxygen In the air sun'ounding 
the exterior of the bub. 

[00181 Finally, the present invention further increases 
the temperature control over the UV bulb, and thus its 
effteiency, by provkling an exterior cooling system for 
the bulb. A fluid or gas cooling nrtedium is flowed or 
drawm past the exterior of the bulb to provide an addi- 
tional cooling effect. In an embodiment of this invention 
this cooling medium is the primary cooling means. By 
placing the majority of the cooling means on the exterior 
of the bulb, the flow direction of the heat transfer from 
the bulb will be primarily outward, not inward towards 
the inner cooling medium. Therefore, this exterior cool- 
ing medium aids in drawing additbnal heat from the UV 
bulb away from the coating or substrate to be cured, thus 
allowing more control over the curing stage and greatly 
reducing the risks associated with over-cure, or heat 
damage to the coating or substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The advantages, nature and various additional 
features of the inventfon will appear more fully upon con- 
sideration of the illustrative embodiment of the invention 
whfch is schematfcally set forth in the drawings, in 
which: 

Figure 1 is a cross-sectional view of an embodiment 
of the curing apparatus of the present invention; and 
Figure 2 is a cross-sectional view along the long ax- 
is of an embodiment of the curing apparatus accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention will be explained in fur- 
ther detail by making reference to the accompanying 
drawings, whkrfi do not limit the scope of the invention 
in any way. 

[0021] Referring to the drawings, Rgures 1 and 2 
show a cross-sectfonal view of a cylindrical embodiment 
of the curing af^aratus of the present inventfon. In the 



present invention, a substrate or coated fiber 1 passes 
through the center line of a cure chamt)er apparatus. 
Located concentrically around the fiber or substrate 1 is 
a UV transparent tube 2. The tube 2 is made from a ma- 
s terial. such as quartz, that is transparent to U V radiation. 
This allows the UV radiation to pass through the tube 2 
to the substrate 1. without interference or dissipation, 
thus ensuring that there is no drop in the efficiency of 
the curing process due to UV radiation being absorbed 

^0 in the tube 2, 

[00221 Additionally, in the preferred embodin^nt the 
tut>e 2 is removable within the curing chamber assem- 
bly. This is because various volatiles and vapors arc 
generated and emitted from the coating or substrate ma- 

« terials being cured during the curing process. These va- 
pors and volatiles have tiny particles of impurities, whk^ 
eventually become deposited on inner surface of the 
tube 2 during curing. These deposits build up and even- 
tually adversely aSfecA the efficiency of the curing proc- 

^ ess as they tend to block or further dissipate UV radia- 
tion directed towards the substrate or coating 1 . There- 
fore, it is desirable that the tube 2 be easily removable 
allowing frequent replacement to ensure maximum effh 
dency of the curing af^aratus. In Figures 1 and 2 the 

25 tube 2 is shown as a circular cylinder, however, the 
shape of the tube 2 can vary as required by the partfcular 
application of the apparatus (such as elliptfcal cylinder 
or oval cylinder). 

[00231 Between the tube 2 and the substrate or fiber 

30 1 a space exists 3. Through this space 3 an inert gas, 
such as nitrogen, is passed. The passage of an inert gas 
through this space 3 serves two major purposes. The 
first purpose b to provkie an inert environment whteh is 
free from oxygen around the substrate or fiber 1 being 

35 cured. If oxygen is present on or near the surface of the 
substrate or fiber 1 being cured, it will chemkially react 
with the UV curable coating^ or nrmterials, thus limiting 
the desired effkaency of the polynnerization (i.e. curing) 
of the coating materials. This is undesirable as it Is nec- 

40 essary for the curing process to be as eff fcient as pos- 
sible. The second purpose of the inert gas in the regton 
3 is to act as an exhaust vessel to blow out or remove 
as much of the volatiles and vapors emitted fi^om the UV 
curable materials as possible. As stated eariier, the 

^ presence of these vapors and volatiles in the space 3 
around the substrate or fiber 1 tend to reduce the effi- 
ciency of the U V curing process, as they absorb and de- 
flect some of the UV radiation directed at the substrate 
orfiber 1 . Therefore, the inert gas is used to continuous- 

^ ly move the vapors and volatiles out of the space 3 to 
increase the curing efficiency and decrease the deposi- 
tion rate of the volatiles on the tabe 2. By decreasing the 
deposition rate of the volatiles on the tube 2, the tube 2 
will have to be replaced less frequently, thus increasing 
the effkaency of the curing apparatus while reducing 
costs. The inert gas whfeh passes through the space 3 
can be either pushed or drawn through the space 3 by 
any common or conventional method used to pass a gas 
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through a tube. 

[0024] In the preferred embodiment of the pr^ent in- 
vention, the inert gas passed through the space 3 can 
be either healed or chifled depending on the require- 
ments of the curing process. The tenr^rature of the 
substrate orfa>er 1 and thespaceS surrounding the fiber 
orsub^ratel is often very critical in optimizing the cur- 
ing or polymerization rate of the coating nrmterial being 
used. For example, when curing the coating on an op- 
tical fiber, the optical fft>er itself is very hot from the draw- 
ing process (which basically involves nnefting a glass 
preform and drawing it into a fiber). If a chilled or cooled 
environment is provided within the space 3 the fiber and 
coating temperature can be brought down to an optimal 
tennperature for polymerization of the coating. Without 
this tCTnperature control the coating may become inr>- 
properiy cured because of the residual heat in the glass 
fiber. This accumulation of the fiber's residual heat with 
the curing heat causes thermally induced surface irreg- 
ularities or material property gradients in the cured coat- 
ing. Because of the importance of the coating in protect- 
ing the glass fibers, suc^ irregularities In the coatings 
are extremely undesirable. 

[0025] Altematwely, if the substrate 1 to be cured Is 
for an optical fiber ribbon or cable (having a number of 
already coated and cured optica! fibers affixed in a ma- 
trix or substrate) there is little or no residual heat, as is 
associated with the optical fiber drawing process. The 
fibers are usually at room temperature. In this case it 
may be desirable to heat up the coating or sub^rate ma- 
terial to aid In the curing of the material, as heat acts as 
a catalyst to Increase the curing speed of some coating 
or substrate materials. Therefore, in one embodiment of 
the present invention the inert gas can be heated (as 
might be the case for use with ribbons and cables) and 
in another embodiment the inert gas can be cooled or 
chilled (as might be the case for use with drawn fibers). 
Any common or conventional gas temperature control 
device can be used to regulate and control the tennper- 
ature of the Inert gas passing through the space 3. Fur- 
ther, In the preferred enrtbodiment the Inert gas can be 
either heated or chilled so as to allow the UV curing ap- 
paratus to be used in multiple applications. 
[0026] As shown in Rgures 1 and 2. a tubular UV bulb 
5 Is located concentrically around the tube 2 such that 
a cooling region 7 is created between the Inner surface 
5A of the UV bulb 5 and the tube 2. The cooling region 
7 is flooded with a UV transparent cooling medium that 
is both chilled and flowing. This cooling medium will al- 
low substantial heat transfer from the bulb 5 Into the 
cooling medium and cooling region 7 so as to er^ure 
that the bulb 5 maintains a stable and efficient (grating 
temperature. High temperature can damage the bulb 
6, the tube 2 and the coating or substrate 1 being passed 
through the apparatus. It is also important that the cool- 
ing medium be UV transparent, such as chilled dialled 
water or chilted nitrogen gas, to ensure that the cooling 
medium does not absorb, refract or reflect any of the UV 



radiatfon titled from the bub 5 towarcte the substrate 
or fiber 1. This will ensure maximum UV radiation efR- 
ciency. In the preferred embodiment, the cooling medi- 
um is <*illed nitrogen gas. However, any fluid nnedium 
5 that is tran^arent to the wavelength of light that is used 
to activate the photolnitiators or photosensitizers in the 
UV curable coatings or substrates 1 can be used. 
Chilled nitrogen gas is pretend because it Is extremely 
UV transparent, it will aid In the extrac^on of heat from 
10 the UV bulb 5. it will provide an oxygen free environment 
between the bulb 5 and the tube 2. thus avoiding the 
creation of hamriful ozone, and It is relatively inexpen- 
sive. 

[0027] As with the Inert gas flowing through the space 
'5 3, any conventional or commonly used device or nnethod 
can be used to flow the cooling medium through the 
cooling region 7. Further, any comnrran or conventional 
gas or liquid tenr^erature control device can be used to 
regulate and control the temperature of the cooling me- 
^ dium as it passes through (or prior to It passing through) 
the cooling region 7. 

[0028] In some applications of the present invention 
it is not necesary to have the cooling medium in the 
cooling region 7 chilled prior to, or while. It is being 

^ flowed past the bulb 5. In these applications, the t^ 
perature control of the bulb 5 b not as critical or Is being 
handled by a different method, or when the heat gener- 
ated by the bulb 5 is desirable. For example, when cur- 
ing substrate or matrix materials for optfcal fiber cables 

30 or ribbons which do not have residual heat from the 
drawing process It may be desirable to have additional 
heat from the bulb 5 to aid curing. In these cases the 
flowing medium in the cooling region 7 is primarily used 
to remove oxygen from the environment between the 

35 bulb and the substrate (to eliminate the probl^ns asso- 
ciated with the creation of ozone and depleting the UV 
energy available for curing the substrate). 
P029] The bulb 5 is a tubular bulb which can be any 
cross-sectional shape that is most desirable for the fiber 

40 or substrate 1 to be cured. In Figures 1 and 2 the shape 
of the bulb 5 is cylindrical. The fart that the bulb 5 is a 
tube ensures that there is a complete 360** exposure of 
the fiber or substrate 1 to the UV radiation emitted from 
the bulb 5. This will ensure efficient and even curing of 

45 the UV curable material. The UV bulb 5 contains ele- 
ments which, when heated to a plasma by electric cur- 
rent or mfcrowave radiation, radiate UV light in the op- 
timal wavelength ranges required by the photolnitiators 
or photosensitizers used In the UV curable coatings of 

so the fiber or substrate 1 , typically between 250 nm and 
450 nm, Excimer gases, such as Xenon or Argon, may 
be used to provkie a nan-ow bandwidth of wavelength 
output Other embodiments of the invention can use 
bulbs 5 of other types, such as mercury bulbs, metal hal- 
ide bulbs, or other bulbs containing any pert omtarttje er>- 
hanclng additives. 

[0030] Further, in the present Invention the Interior 
surface 5A of the bulb 5, or one or both of the surfaces 
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2A, 2B of the tube 2, are coated wrth an infrared (IR) 
filter (not shown). In fact, in one embodiment of the in- 
vention all of the these surfaces 5A, 2A and 2B are coat- 
ed with the IR filter. The infrared filter is of a type which 
is efther completely, or mostly, transparent to UV radia- 
tion to allow the UV radiation to reat* the substrate or 
fiber 1 to be cured, but reflect all, or most of, the other 
wavelengths of radiation, such as IR radiation bade 
away from the substrate 1. Thfe asp&A of the present 
invention aids in diretiing non-UV radiation away from 
the substrate and back at the bulb 5 and the cooling fluid 
flow through the region 7. This is desirable when it is 
necessary to restrict the amount of heat added to the 
environnnent sunT)unding the substrate or fiber 1 , such 
as when curing the coating on an optical fiber In addition 
to limiting the increase in temperature around the sub- 
strate, the shielding reflecte wavelengths (IR) back into 
the bulb 5 whfch may then be used to increase the effi- 
ciency of ac^tion of the plasma within the bulb 5, thus 
increasing the effciency of the bulb's 5 output by requir- 
ing less energy input to maintain the plasma state. Ad- 
ditionally, when the I R filter coating is applied to the sur- 
face 2A or 2B of the tube 2, the I R (heat) will be trapped 
between the bulb 5 and the tube 2 thus increasing the 
heat transfer effkaency to the cooling fluid flow 7. 
[0031 1 Unlike the prior art, the preferred embodiment 
of the present invention does not employ a standard re- 
flector on the outer surface of the bulb 5, but instead 
uses a dk^roic reflector 8. The dichnoic reflector 8, of 
the present inventton, is transparent to most of the 
wavelengths transmitted by the bulb 5, but is reflecthre 
to the all, or most, of the UV radiation emitted by the 
bulb 5. Therefore, unlike the prior art, the IR radiation 
(heat) escapes through the outer surface of the bulb 5, 
while the UV radiatton docs not. This prevents the UV 
radiation from reacting with the oxygen in the air sur- 
rounding the exterior of the bulb 5, thus preventing the 
creation of harmful ozone, while allowing the heat gen- 
erated by the bulb 5 to be emitted out of the outer surface 
of the bulb 5. This alk>ws the bulb 5 to be cooled on its 
outer surface and its inner surface at the same time, 
greatly Increasing temperature control of the bulb 5. 
[0032] The dtehrote reflector 8 can either be a sepa- 
rate reflective surface positioned concentrically around 
the extemal surface of the bulb 5 (as shown in Rgure 
1), or can be a reflective coating placed on the exterior 
surface 58 of the bulb 5, similar to the filter coatings 
used on the tube 2 or the bulb 5. It should be noted how- 
ever, that the dkrfiroic reflector 8 is not necessary for 
every embodiment of the present Invention, and the in- 
vention can operate without such a reflector. The pre- 
ferred embodinrmnt of the present invention en^loys the 
dichrofc reflector 8 whfch is separate from the UV bulb 
5, as shown in Figure 1 . 

[0033] In the prefen^ed ennbodiment, the dfchrofc re- 
flector 8 has a plurality of holes or gaps (apertures) 
throughout its circumference to allow a cooling medium 
or fluid 6 (discussed in more detail below) to pass 



through the dichrofc reflector 8 and cool the bulb 5. In 
an alternative embodiment of the present invention, the 
dfchrofc reflector 8 has a solid surface (free of holes or 
apertures), and the cooling medium 6 flows in the gap 
5 between the reflector 8 and the bulb 5 in along the long 
axis of the apparatus, instead of ^^ross the apparatus 
as shown in Rgures 1 and 2. However, if this alternative 
embodiment is used and the cooling medium 6 used for 
the bulb ts air or nitrogen, the heat transfer of the bulb 
10 to the cooling medium would be relatively inefffcfent. as 
the flow pattern shown in Rgur^ 1 and 2 is optimal for 
using cooling air or nitrogen. In the alternative emtx)d- 
rment, the optimal cooling medium to be used in the re- 
gion between the reflector 8 and the bulb 5 would be a 
« liquid cooling medium, such as water. As with the other 
cooling mediums used in the various emt>odiments of 
this invention, the cooling medium used In the space be- 
tween the dichroic reflector 8 and the bulb 5 can be 
cooted by any commonly used or conventional means 

20 either prior to or while it is flowing through this space. 
[0034] Another embodiment of the present Inventfcn 
is shown in Rgure 3. In thfe embodiment the dichrofc 
reflector 8a has a confcal or beveled surface or surfaces 
in place of the cylindrical surface reflector 8 (shown in 

25 Rgure 1 ). (Note that Rgure 3 shows two opposite con- 
fcal surfaces, however, the pr^ent invention is not lim- 
ited to this conflguration and may use a single confcal 
surface reflector.) In this emt)odiment, some or all of the 
UV radiation emitted from the outer surface of the bulb 

30 58 is reflected back at the center of the apparatus (i.e. 
the sul)strate 1) at an angle such that the reflected UV 
radiatfcn contacts the surface of the substrate 1 just be- 
fore entering the bulb cylinder 5 and/or just exiting the 
bulb 5, as shown in Rgure 3. The intensity of this irra- 

35 diation will be lower than that of the direct irradiation 
emitted from the bulb's inner surface 5A, but will still be 
concentric (360'*) around the substrate 1 as tong as the 
reflector surface 8a is designed and maintained proper- 
ly. If. air, or other non-inert gas is used as the cooling 

40 medium 6 (discussed in more detail below), the resulting 
generation of ozone will deplete the UV energy available 
for the photopolymerization process. It is possible to use 
an inert gas for this cooling medium 6, however, the ad- 
vantage gained by removing the U V energy dissipation 

45 associated with ozone generation is likely to be over- 
whelmed by the cost associated with using an inert gas. 
The high volume of flow required suggests that air would 
be the desirable fluid for the cooling medium 6, in this 
embodiment and that the UV energy loss^ wouki be 

50 acceptable when considering the UV energy efficiency 
improvements gained elsewhere in this design. 
[0035] In the preferred embodiment of the present in- 
vention, the cooling fluid or ntedlum 6 is flowed past, or 
drawn by, the outer surface of the bulb 5 such that the 

55 cooling medium 6 acts as an additional heat sink ab- 
sorbing heat from the bulb 5. In this embodiment, the 
bulk of the cooling of the bulb 5 occurs on its exterior 
surface 58, and not its interior surface 5A. This is, at 
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least, partially due to the larj^r surface area on the ex- 
terior of the bulb 5 then the interior surface 5A of the 
bulb 5. Because, in this emlwdinnent. the heat of the bulb 
5 is priniarily cfrawn outward instead of inward (heat 
flows from a high temperature region to a low tempera- 5 
ture region at a rate proportional to the difference in the 
ten^ratures), heat will be drawn away from the sub- 
strate or coating 1 to be cured. This will be enhanced by 
chilling the cooling nriedium 6 either prior to or as it flows 
past the exterior surface of the bulb 5. ff the medium 6 io 
is chilled it creates an even larger tenrtperature differ- 
ence between the bulb 5 and the medium 6. increasing 
the heat transfer rate and drawing more heat away from 
the substrate 1 . 

[0036] Additionally, because in this embodiment the is 
bulb 5 is now effertively cooled by two cooling mediums, 
one intemally in the region 7 and one externally by the 
cooling medium 6, the efTKjfency of the bulb 5 can be 
maintained more accurately, thus protet^'ng the sub- 
strate or fiber 1 to be cured from undesirable high tern- 20 
peratures, while the longevity of the bulb 5 is increased. 
[0037] Furthermore, because the dichroic reflector 8 
or 8a reflects the majority, if not all, of the UV radiation 
back into the bulb 5, regular air can be used as the cool- 
ing medium 6. Unlike with the cooling region 7, it is not 25 
necessary to use an oxygen free inert gas. such as ni- 
trogen, as the cooling medium 6 because most, if not 
all. of the U V radiation is reflected back into the bulb 5 
preventing or limiting the interac^n between the oxy- 
gen in air and UV radiation (although such a cooling me- 30 
dium can be used). It is important to note that if air (or 
other another non-inert gas) is used for the cooling me- 
dium 6, the generation of ozone will result (but to a much 
lesser extent than if no reflector was used). However, if 
property ventilated, as is the standard for the prior art as 
UV lamps, this ozone will not present a health risk to 
operators using the lamps. Rnally, the reflection of the 
UV radiation b^k into the bulb 5 may increase the effi- 
ciency of the buib 5 output by increasing the percentage 
of plasma being generated. 40 
[00381 The present invention will r^ult in an in- 
creased curing efficiency of UV curable coatings and 
substrates for optical fiber production, while reducing 
the risks associated with over-curing the coatings, cre- 
ation of hamiful ozone and high levels of heat generated 45 
within the curing apparatus. Moreover, overall costs as- 
sociated with the curing proc^ will be reduced, while 
curing speeds can be increased, as less energy input 
will be required to reach required performance levels be- 
cause of the increased curing efffciency and control. so 
[0039] It is of course understood that departures can 
be made from the preferred embodiments of the inven- 
tion by those of ordinary skill in the art without departing 
from the spirit and scope of the invention that is limited 
only by the following claims. In particular, it should be ss 
notedthatalthough Figures 1 and 2 depfct the UV curing I 
apparatus as cylindrical or drcular. it is possible for the 
apparatus to be of any shape. For example, the tube 2, 



and bulb 5 can be elliptkal or oval in shape so as to be 
used in conjunction with curing a flat optical fiber ribbon 
strucmjre. Therefore, the cross-sectional shape of the 
apparatus (tube 2 and bulb 5) should not be limited to 
what is shown in the drawings and can be of any desir- 
able shape for the purpose for whfch it is being used. 



Claims 

1 . An ^)paratus for curing an article passing through 
said apparatus through ultraviolet irradiation, com- 
prising: 

- a hollow tubular ultraviolet light emitting devfee 
(5) having an interior surface (5A) and an exte- 
rior surface (5B); 

- an ultraviolet transparent tubular element (2) 
defining a first space (3) for insertion of an ar- 
ticle (1 ) to be cured, saki tubular element being 
sun^ounded by sakJ ultravfolet light emitting de- 
vrce defining a second space (7) between an 
interior surface of said light emitting devfce and 
an outermost surface of said tubular element; 
and 

- means for passing an inert gas through said 
first space. 

2. The apparatus according to claim 1 . wherein the tu- 
bular ultraviolet light emitting devtee (6) is cylindri- 
cal. 

3. The apparatus according to daim 1 or 2, wherein 
the tubular element is removably connected to be 
easily removed and replaced. 

4. The apparatus according to daim 1 . 2 or 3, further 
comprising a nrteans to heat the inert gas passing 
through said first space. 

5. The apparatus according to daim 1 , 2 or 3, further 
comprising a means to cool the inert gas passing 
through said first space. 

6. The apparatus according to daim 1 , 2 or 3, further 
comprising a means to heat or cool the inert gas 
passing through said first space. 

7. The apparatus according to one of daims 1 to 6, 
wherein a surface of sakJ tubular element (5) is 
coated with a first shielding layer, said first shielding 
layer being substantially transparent to ultraviolet 
light and reflective of infrared light emitted from said 
tubular ultraviotet light emitting devk:e. 

I. The apparatus according to one of daims 1 to 6, 
wherein the interior surface (5A) of said tubular ul^ 
traviolet l^ht emitting ctevice (5) is coated with a 
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shielding layer, said shielding layer being substan- 
tially transparent to ultraviolet light and reflective of 
infrared light ennated from said tubular ultraviolet 
light emitting device. 

5 

9. The af^walus according to one of ciawns 1 to 8, 
further comprising a dichrofc reflector (8) surround- 
ing the exterior surface of said tubular ultraviolet 
light emitting device, said dichrolc reflector reflect- 
ing ultraviolet light emitted from said tubular uttravi- to 
olet l^ht emitting device. 

10. The apparatus according to one of claims 1 to 9, 
further comprising a means for flowing a first cooling 
medium through said second space (7). is 

11 - The apparatus according to daim 10. wherein said 
first cooling medium is transparent to ultraviolet ra- 
diation. 

20 

1 2. The apparatus according to daim 1 0 or 1 1 , wherein 
said first cooling medium is a gas. 

1 3. The apparatus according to daim 1 0 or 1 1 , wherein 
said first cooling medium is a liquid. £5 

14. The apparatus according to one of daims 1 to 13, 
further comprising a means to flow a second cooling 
medium past the exterior surface (5B) of said tubu- 
lar ultraviolet light emitting device (5). 3o 

15. The apparatus according to one of daims 9 to 14, 
further connprising a means to flow a second cooling 
medium past an exterior surface of said dichroic re- 
flector (8). 35 

16. The apparatus according to claim 15. wherein said 
dichroic reflector has a plurality of apertures for al- 
lowing said second cooling medium to contact the 
exterior surface of said tubular ultraviolel light emit- 40 
ting device (5). 

17. The apparatus according to daim 14, 15 or 16, 
wherein said second cooling medium is air. 

45 

18. The apparatus according to one of daims 9 to 13. 
further comprising a third space defined between 
said dichroic refledor (8) and said tubular ultraviolet 
light OTitting device (5). 

50 

19. The apparatus according to daim 18. further conn- 
prising a means for passing a second cooling noe- 
dium through said third space. 

20. The apparatus according to daim 1 9, wherein said ss 
second cooling medium is a liquid. 

21 . The apparatus according to one of daims 9 to 20, 



wherein said didiroic refledor (8) reflects at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet light knitting de- 
vice (5) such that said some ultraviolet radiation 
contorts the surface of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
emitting device. 

22. The apparatus according to one of daims 9 to 20. 
wherein said dichroic reflector (8) reflect at least 
some ultraviolet radiation emitted frwn the exterior 
surface of said tubular ullravfelet light emitting de- 
vice (5) such that said some ultraviolet radiation 
contacts the surface of an artide to be cured after 
said artide exits said tubular ultraviolet light emitting 
ctevice. 

23. The apparatus according to one of daims 9 to 20. 
wherein said dichroic reflector (8) refleds at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet light emitting de- 
vice (5) such that said some ultraviolet radiation 
contacts the surface of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
emitting device and after said artide exits said tu- 
bular ultraviolet light emitting device. 

24. An apparatus for curing an artide inserted in said 
apparatus through ultraviolet irradiation compris- 
ing: 

- a hollow tubular ultraviolet light emitting device 
(5) having an interior surface (5A) and an exte- 
rior surface (5B); 

- a dichroic refledor (8) sun^ounding said light 
emitting device, said dichroic refledor refled- 
ing only ultraviolet light; 

- an ultraviolet transparent tobular element (2) 
defining a first space (3) for insertion of an ar- 
tide (1 ) to be cured, said tubular element being 
surrounded by said ultraviolet light fitting de- 
vice with a second space (7) provided between 
the interior surface of said ultraviolet light emit- 
ting device and said tubular element. 

25. The apparatus according to daim 24. further com- 
prising a means for passing an Inert gas through 
said first space. 

26. The apparatus according to daim 25, further com- 
prising a means to cool or heat said inert gas pass- 
ing through said first space. 

27. The apparatus according to one of daims 24 to 26, 
wherein a surface of said tubular element (2) s 
coated with a first shielding layer, said first shielding 
layer being substantially tran^arent to ultravfolet 
light and reflective of infi-ared light emitted from said 
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tubuter uftravtolet light fitting device. 

7B. The apparatus according to daim 24. 25 or 26, 
wherein the interior surface of said tubular uttravio- 
let light OTilting device is coated wfth a shielding 
layer, sakJ shielding layer being substantially trans- 
parent to ultraviolet light and reflective of infrared 
light emitted from said tubular ultraviolet light emit- 
ting device. 

29. The apparatus according to one of dains 24 to 28, 
wherein the tubular element (2) is renrwvably con- 
nected so as to be easily removed and replaced. 

30. The apparatus according to one of clainrts 24 to 29, 
further comprising a means for flowing a first cooling 
medium through said second space (7). 

31 . The apparatus according to dalm 30, wherein said 
first cooling medium is transparent to ultraviolet ra- 
diation. 

32. The apparatus according to daim 30 or 31, wherein 
said first cooling medium is a gas. 

33. The apparatus according to daim 30 or 31 , wherein 
said first cooling medium is a liquid. 

34. The apparatus according to one of daims 24 to 33, 
further comprising a means to flow a second cooling 
medium past an exterior surface of said dichroic re- 
fiedor (8). 

35. The apparatus according to daim 34, wherein said 
dichroic refledor has a plurality of apertures for al- 
lowing said second cooling medium to contad the 
exterior surface (5B) of said tubular ultraviolet light 
emitting device. 

38. The apparatus according to daim 34 or 35, wherein 
said second cooling medium Is air. 

37. The apparatus according to one of dabns 24 to 33, 
further comprising a third space defined between 
said dichroic refledor (8) and said tubular ultraviolet 
light emitting device (5). 

38. The apparatus according to daim 37, further com- 
prising a means for passing a second cooling me- 
dium through said third space. 

39. The apparatus according to daim 38, wherein said 
second cooling medium Is a liquid. 



vice (5) such that said some ultraviolet radiation 
contads the surface of an artide to be cured prior 
to said article entering said tubular ultraviolet light 
emitting device. 

5 

41 . The apparatus according to one of dainra 24 to 39, 
wherein said dichroic reflector (8) refleds at least 
some ultraviolet radiation emftted from the exterior 
surface of said tubular ultraviolet light fitting de- 
10 vice (5) such that said some ultraviolet radiation 
contads the surface of an artide to be cured after 
said article exits said tubular ultraviolet light emftting 
device. 

'5 42. The apparatus according to one of daims 24 to 39, 
wherein said dichroic refledor (8) reflects at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet light emitting de- 
vice (5) such that said some ultraviolet radiation 

20 contacte the surface of an artide to be cured prior 
to said artide entering said tubular ultraviolet light 
emitting device and after said artide exits said tu- 
bular ultraviolet light emitting device. 

^ 43. A method for curing an artide passing through a 
curing apparatus with ultraviolet radiation, compris- 
ing: 
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40 
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- passing an article (1 ) to be cured through a first 
space (3) defined by an ultraviolet transparent 
tubular element (2); 

- flowing an inert gas through said first space (3); 

- emitting ultraviolet light frwn a hollow tubular 
ultraviolet light emitting device (5) having an in- 
terior surface (5A) and an exterior surface (58), 
said tubular ultraviolet light device sunx>un<te 
said tubular element defining a second space 
(7) t>etween the interior surface of said ultravi- 
olet light emitting device and an outcnnost sur- 
face of said tubular element; 

- exposing said artide to be cured to said ultra- 
violet light; and 

- flowing a first cooling medium through said sec- 
ond space. 

44. The method according to daim 43, further compris- 
ing cooling or heating said inert gas flowing through 
said first space. 



40. The apparatus according to one of dakns 24 to 39, 
i^erein said dichroic refledor (8) refleds at least 
some ultraviolet radiation emitted from the exterior 
surface of said tubular ultraviolet light emitting de- 



^ 45. The method according to daim 43 or 44, wherein 
said first cooling medium Is an ultraviolet transpar- 
ent gas or liquid. 

46. The method according to claim 43, 44 or 45, further 
55 comprising cooling said first cooling medium flow- 
ing through said second space. 

47. The method according to one of daims 43 to 46, 
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further comprising flowing a second cooling medi- 
um past the exterior surface of said ultraviolet light 
emitting device (5), 

48. The nrtethod according to one of claims 43 to 47, 5 
further awrprising reflecting infrared radiation emit- 
ted Iran said tubular ultraviolet light emitting device 

off of a surface of said tubular elOTent (2). 

49. The method according to one of daims 43 to 48. io 
further conrprising reflecting infrared radiation emit- 
ted from sakJ tubular ultraviotet light emitting device 

off of the interiorsurface of said ultraviolet light emit- 
ting devk^e. 

15 

50. The method according to one of claims 43 to 49, 
further cwnprising reflec^ng ultraviolet radiation off 
of a dichroic reflector (8) surrounding the exterior 
surface of said ultraviolet l^ht emitting device (5). 

20 

51 . The nriethod according to daim 50, further compris- 
ing flowing a second cooling medium over an exte- 
rior surface of said dichroic reflector. 

52. The method according to daim 50, further compris- 25 
ing flowing a second cooling medium through a plu- 
rality of apertures in said dichroic reflector so said 
second cooling medium contacts the exterior sur- 
face of said ultraviolet light emitting device. 

30 

53. The method according to daim 50, further compris- 
ing flowing a second cooling medium through a third 
space defined between said dichroic reflector and 
said ultraviolet light emitting device. 

35 

54. The method according to one of daims 50 to 53 , 
further comprising reflecting at least some ultravio^ 
let radiation emittedfromtheexteriorsurface of said 
tubular ultraviolet light emitting device (5) off of said 
dichroic refledor (8) such that said some ultraviolet 40 
radiation contacts the surface of the artide (1) to be 
cured prior to said article entering said tubular ul- 
traviolet light emitting device. 

55. The apparatus according to one of daims 50 to 53, 45 
further comprising reflecting at least some ultravio^ 

let radiation emitted from the exterior surface of said 
tubular ultraviolet light emitting device (5) off of said 
dichroic refledor (8) such that said some ultraviolet 
radiation contacts the surface of the artide (1 ) to be so 
cured after said artide exits said tubular ultraviolet 
light emitting device. 

56. The apparatus according to one of daims 50 to 53, 
further comprising refleding at least some ultravio^ ss 
let radiation emitted from the exterior surface of said 
tubular ultraviolet light emitting device (5) off of said 
dichroic refledor (8) such that said some ultraviolet 



radiation cont^^ the surface of the artide (1 ) to be 
cured prior to said article entering said tubular ul- 
traviolet light emitting device and after said artide 
exits said tubular ultraviolet light emitting device. 
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